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Chapter　1
General　introduction
　　　　　　Theα2－adrenoceptor　agonists，　xylazille　and　medetomidine　are　used　widely　m　many
species　of　a垣rnals；dogs，　cats，　cat尤le，　horses，　pigs，　sheep，ε日ユd　goats［1－5］．　The　main　purposes
of　usingα2－a（kenoceptor　agonists　are　sedation，　premedication　of　anethtesia，　analgesia　and
muscle　relaxatiorl　in　veterina∫y　medicine［5］．　Xylazine　is　also　used　as　a　diagnostic　agerlt　fbr
cong斑ital　or　acquired　hyposomatotropism　in　dogs　and　cats［6］．　III　additio亘α2－adrenoceptor
agonists　are　usefhl負）r　gastrointestinal　endoscopy　or　surgery　because　ofreducing
gastro垣testinal　motility［5］．　W面e，　emetics，　bradyca∫dia，　and　arrhyth皿ia　are㎞own　as
皿des壮able　e飽cts［5，7，8］．　F田血e皿ore，　hyperglycemic　e飽ct　induced　by　hypoinsulinemia
was　also　reported　in　some　species［9－13］．
　　　　　　The　i㎡luences　of　xylazine，　medetomidine　or　otherα2－adrenoceptor　agonists　on　the
cardiopulmonary　f㎞ction　have　been　investigated辻L　many　repo】〔ts［4，1447］．　On也e　other
hand，　the　neurohormonal　and　metabolic　effbcts　of　medetomidine　and　xylazine　is　investigated
poorly　in　cats．　Although　hyperglycemic　effect　ofα2－adr銀oceptor　agonists　were　reported　in
many　species　including　humans，　hyperglycemic　effect　of　only　xylazine　was　reported　m　cats
［10］．In　spite　ofthe　fact　thatα2－adrenoceptor　agonists　potentialIy　ir沮uence　on　the
neuroendcrine　system，　there　is　no　report　to　prove　the　effects　of　these　agents　on　diffbrent
endocrine　and　metabolic　disease　such　as　diabetes　mellitus　and　hyper血yroidism．　First，負）r　the
appropriate　use　of　medetomidine　and　xylazine，　although　enough　data　on　the　effbcts　of
α2－adkenoceptor　agonists　in　healthy　cats　are　needed．
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　　　It　has　been　reported　that　hyperglycemic　effect　induced　byα2－adrenoceptor　agonists
resulted丘om　decrease　of　insulin　secretiorl　by　pancrea旧beta　cell　through　the
α2－adrenoceptor－mediated　action［18］．　However，　Ambrisko　and　Hikasa［9］reported　that　other
血ctors　except　fbr　the　action　mediated　byα2－adrenoceptors　may　be　also　irlvolved　in　the
hyperglycemic　effect　in　dogs．　Similar　to　the　dogs，　it　is　possible　that　other　facto∫s　in　additon　to
the　decrease　of　insulin　secretion　may　cause　hyperglycemia　in　cats．　There五）re，　glucagon，
cortisol　and　non－esteTified　fat呼acid　which　are　responsible　to　the　glucose　regulation，　may　be
involved　in　the　hyperglycemic　ef丘ct　ofmedetomidine　and　xylazine．　In　additi◎11　to　the
insuf五cient　studies　ofthe　ef民ct　ofα2－adrenoceptor　ago垣sts　on　the　fbline　metabolisn1，　the
s血dies　showing　the　dose－responses　and　comparing　the　diffbr斑ces　between　medetomidme
and　xylazineεぽe　haエdly　done．
　　　Moreover，　CatechoIamines　also　contributed　to　the　glucose　regulation　via　parasympathe五c
nerve　systern［19，20］．　The　e旋ct　ofmedetomidine　and　xylaz垣e　on　the　catecholamines　release
may　play　an　important　role　not　ordy　neurohormonaH誼11ctioll　but　also　glucose　metabolism．1丑
dogs，　catecholamines　re夏ease　was　reported　to　be　suppress　by　both　medetomid桓e　and　xy玉azine
［9］．Although　sh皿ilar　changes　are　pτedicted　in　cats，　there　are　no　reports　of　the　effects　of
α2－adrenoceptor　ago垣sts　on　the　blood　catecholam血es　levels　in　the　cats．　The　dose－responses
of　medetomidine　and　xylazine　on　the　blood　catecholamines　levels　have　n，ot　been　reported　and
compεぱed姐cats．
　　　In　chapter　1，　the　dose一τesponses　ofneurohormonal　and　metabolic　effεcts　of
medetomidine　and　xylazine　were　examined　and　compared　in，　cats．　This　study　on　the
hyperglycemic，　other　metaboIic　and　neurohormonal　effbcts　of　medetomidine　in　healthy　cats
is　the丘rst　report　to　au血orうs㎞owledge。
　　　The　combination　of　medetomidine　and　other　drugs　has　been　studied　to　obtain　the
adequate　sedative　effect　and　supPression　of　undesirable　effects，　because　ofthe　potent　effect
of　rnedetonlidine　on　the　cardiopulmonary　fUnctions［20－22］．　It　has　been　reported　that
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midazolam　an（Uor　butorphanol　are　used　in　combination　with　medetomidine　in　dogs［23，24］．
These　combinations　are　usefhl　to　obtain　ef丘ctive　sedation　sa允1y．　However，　most　of　studies
on　the　combination　ofmedetomidine　and　other　drugs　have　been　perfbrlned　fbr　the　ef琵ct　on
the　cardiopulmon町f㎞ctions．　Thus，　the　research　ofthe　e旋ct　on　the　neurohormonal　and
metabolic　vaエiables　at　blood　Ievels　was　not　enough，　especially　in　cats．
　　　Nishimura　et　al［25］reported　the　in£【uence　of　midazoIaまn　in　combination　with
medetomidine　on　the　blood　glucose　and　insulin　regulation　in　laboratory　pigs。　It　was㎞dicated
that　the　combilla60n　of　medetomidine　and　midazolaエn　suppresse由he　hyperglycemia　induced
by　medetomidine　compared　with　same　dose　ofmedetomidine　alone．　Howeveτ，　midazolam，　a
benzodiazepine　receptor　agonist，　was　not　reported　to　decrease　blood　glucose　concentratio垣n
Iaboratory　pigs．　No　study　revealed　that　suppression　of　hyperglycemia　induced　by　the
combination　ofmedetomid短e　and　midazolam　was　due　to　whether　the　effect　ofmidazolam
alone　or　in　combinatio菰with　medetomidine．　Therefbre，　it　needs　to　investigate　the
neurohormon司effect　of　medetomidine　alone　and　in　combination　with　midazolam　in　healthy
cats　fbr　apμop亘ate　use．
　　　In　chapter　2，　the　ef飴cts　of　midazoIam　in　combination　with　medetomidine　on
neurohormone　and　metabolism　at　blood　leve玉s　ofvariabIes，　especially　glucose　regulation　was
血vestigated　in　heakhy　cats．　In　addition　to　the　combination　of　medetomid輌ne　and㎡dazolε皿，
dle　experiments　about　the　effbcts　of　medetomidine　or　midazolam　alone　to　reveal　the
neurohormonal　and　metabolic　effbcts　ofmidazo豆am　were　perfbmled　in　this　chapteL
?
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Chapter　2
Neurohormonal　and　metabolic　effects　of　medetomidine
　　　　　　compared　with　xylazme　in　healthy　cats
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Introduction
　　　In　veterinary　practice，也eα2－adrenoceptor　agonists　medetomidine　and　xylazi鵬are　used
Ina垣1y　fbr　seda丘ve，　muscle　re夏axant，　and　analgesic　purposes［5］．　These　agents　are　also
effξctive　as　emetics　in　small　animal　practice［8］．　In　addition，　xylazine　is　used　to　stimulate　the
release　of　growth　hormone負）r　the　diagnosis　of　congenital　or　acquired　growth　ho㎜one
de五ciency［26］．　Medetomidine　is　a　mo貧e　selective　and　speci五cα2－a（kenoceptor　agonist　than
xylazme：theα2／αI　selectivity　ratios　are　1620　and　160，　respect三vely［27］．　In　spite　of重his
diffbrence，血e　both　2　agents　may　be　used　similarly　in　practice．
　　　　Stぽgical　stressors　such　as　pain，　blood　loss，　excitement，　and　underlying　pathological
condi60ns㏄e　we11㎞own　to　induce　ne田oho㎜onal　and　metabolic　changes　in　a由mals　that
are　characterized　by　inc玄eases　in　blood　levels　of　glucose，　cortisol，　catecholamines，　and
nonesterified　f雄y　acids（NEFAs）and　a　decrease　in　blood　insu至in　levels［28］．　Since
α2－adrenoceptor－mediated　actions　are　closely　coordinated　with　these　ev頭ts，　medetomidine
and　xylazine　may　interfere　with　the　neurohormonal　and　metabolic　response　induced　by
stressors　du∫ing　and　after　allesthesia　and　surgery．　For　apprcpriate　use，　veterinaまians　need　to
㎞ow　the　neuroho㎜onal　and　metabolic　effbcts　of　medetomidine　and　xylazine　in　ar丘lnals．
Both　agents鎗duce　hyperglycemia，　hypoinsul口1e面a，垣hibi五〇n　of　catecholamine　release，　and
lipolysis　in　beagle　dogs，　but　the　hyperglycemic　ef琵ct　of　medetomidine，　in　contra§t　to　that　of
xylazine，　is　llot　dose－dependent［9］，
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　　　　There　are　limited　reports　as　to　the　ef飴cts　of　xylazine　on　the　blood　glucose　and　insulin
levels　in　cats［10］，　and　specific　time－depende磁and　dose－dependent　data　on　the
Ileurohormonal　and　metabolic　e飽cts　of更nedetomidine　and　xylaz三ne　are　lacking　in　cats，　to
authorうs㎞owledge、　There鉛re，　this　s血dy　aimed　to　mvestigate孤d　compare　the　ef白cts　of
these　2　agents　on　the　blood　levels　of　epinephrine，　norepinephr輌ne，　cortiso1，　glucose，　insulin，・
glucagon，　and　NEFAs　in　cats．
　　　　　　　　　　　　　　　　　　　　　　　　　　　Materials　and　methods
Animals
　　　　Five　healthy　mixed－breed　cats　ofboth　sexes，　of　mean　age　3．4士1．34　yrs（mean圭SD），
and　of　mean　weight　5．05士0．23（mean士SD）kg　were　used．　The　cats　were　housed　ill　my
Iaboぎatory　fbτat　Ieast　l　mo　befbre　the　experiment　and　fbd　a　standard　commercial　dry　cat　fbod．
Routine　hema之010gic　examination　was　perfbrmed　befbre　the　experiment；all　values　were
within　normal　physiological　ranges［29］．　The　experimental　protocols　were　approved　by　the
Animal　Research　Committee　of　Tottori　U垣versity，　Tottori，　Japa11．
　　　　　　　　　　　　　　　　　’
Experime耐al　p耐ocols
　　　　The　exper㎞ent　involved　l　l　treatment　groups　in　which　each　cat　was　given　an
intramuscular　ini　ection　of　physiolo9輌cal　saline　so桓tion（2．O　mL／anima1）as　the　control　agent，
20，40，80，160，0r　320μg／kg　of　a　1％solution　of　medetomidine　hydrochloride（Domitor；
Me亘i　S　eika，　Tokyo，　Japan），　or　O．5，1，2，4，0r　8　mg／kg　of　a　2％solution　of　xylazme
hydr◎chloride（Celactal；Bayer，　Tokyo，　Japan）．　The　groups　will　be　refb1Ted　to　as　control，
MED－20，－40，－80，－160，　and－320，　and　XYL－0．5，－1，－2，－4，　and－8．　Five　cats　were　used
　　　　　　　　　　　　　　　　　　　　　　ぽ・ep・・t・dly・wi血・t　lea・t　1泳b・細ee・t・eatm・・t・・in・a・h・f血・119・・up・・acc・・ding　t・a
modified　randomized　design，　as允llows：cat　1，control，　XYL－0．5，　MED－20，　XY万4，
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MED－160，　XYL－2，　MED－80，　XYL－8，　MED－320，　XY］ン1，　and　MED－40；cat　2，　XYL－1，
MED－320，　XYL－8，　MED－160，　XYL－4，　MED－20，　XYL－0．5，　MED－80，　contro1，　MED－40，　and
XYL－2；caB，　MED－20，　XYL－0．5，　contro1，　XYL－8，　MED－320，　XYL－1，MED－40，　XYL－4，
MED－16◎，　XYL－2，　and　MED－80；cat　4，　XYL－1，MED－40，　con仕ol，　MED－20，　XYLO．5，
MED－80，　XYL－2，　MED－320，　XYし8，　MED－160，　and　XYL－4；and　cat　5，　MED－80，　XYL－2，
MED－40，　XYL－1，　MED－160，　XYL－4，　cor虻ro1，　XYし一〇、5，　MED－20，　XYL　8，　and　MED－320．
The　cats　were　fasted　fbr　12hbefbre　i勾ection．　Food　and　water　were　a豆So　withheld　dur元ng　the
experiment　and　offピed　again　l　h　after　the　last　blood　sampling　of　the　day．　The　experiments
were　perfbrmed　in　a　room　with　air　tempera加玄e　set　at　25°C．
Sample　collection
　　　Blood　samples（2．O　mL）were　collected丘om　the　j　ugular　vem　by　means　of　a　23－gauge
needle　with　a　2．5－mL　disposable　syringe　at　the　fbllowing　106mes：time　O（befbre珂ection　of
the　agent）and　O．25，0．5，1，2，3，4，5，6，　and　24　h　after珂ection．　An　aliquot　ofO．5　mL　f錐om
each　saエ叩le　was　mixed　with　aprotinin（Trasylo1；Bayer，　Leverksen，　Germany）fbr　glucagon
measurement；the　remaining　1．5　mL　was　mixed　with　ethylene　dian亘ne　tetraacetic　acid．　Both
samples　were　centrifhged　immediately　at　4°C，　and　then　the　plaslna　was　separated　and　kept
丘ozen　at－80°C　until　analyzed　fbr　concentrations　of　catecholamines（epineph壬ine　and
norepinephrine），　cortisol，　glucose，　insu1血，　glucagon，　and　NEFAs．
Analytical　methods
　　　　Glucose　and　NEFA　concentrati◎ns　were　dete㎜ined　with血e　use　of　co㎜ercially
av泣1able　kits（Glucose　CII－test　Wakσand　NEFA　C－test　Wako；Wako　Junyakukogyo，　Osaka，
Japan）．　G玉ucose　was　analyzed　by　the　mutarotase－glucose　oxidase　method，　and　NEFAs　were
analyzed　by　the　acy1・・coenzyme　A（CoA）synthetase－acy1－CoA　oxidase　method．　The
intra－assay　coef五cients　of　variation（CVs）were〈2％and＜3％and　the　limits　of
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quantification　700　mg／dL　and　2　mmol／L，　respectively．　The　glucose　and　NEFA　concentrations
were　measured　with　a　spectrophotometer（Auto　Sipper　Photometer　U－1080；Hitachi，　Tokyo，
Japan）．
　　　　Insulin　and　glucagon　concentrations　were　measured　by　doubIe－alltibody
radioimm㎜oassay（RIA）with　the　use　ofthe　commercially　available　kits　I－AJ16（Eiken
Chelnical　Company，　Tokyo，　Japa簸）and　Glucagon　kit　Da輌ichi（TFB　Stock　Company，　Tokyo，
Japan），　respectively．　The　intra．assay　CVs　were＜10％and　2．6％to　5．3％，　respectively；the
interassay　CV　with　the　g桓cagon　kit　was　2．4％to　3．6％．　The　limits　of　detection　and
quantification　were　5　to　320μU／mL　fbr　insulm　and　15．6　to　4000　pg血L　fbr　glucag◎n．
　　　　Cortisol　was　measured　by　sillgle－antibody　RIA　with　the　use　of　a　commercially　available
kit（Gamma　Coat　Cortiso1；Nihon　Sheering，　Chiba，　Japan）、　The　intra－assay　CV　was　35％to
5．0％and　the　illterassay　CV　4．2％to　8．7％．　The　limits　of　detection　and　quantification　were
O．23to　60μg／dL．
　　　　Catecholamines　weτe　extracted　on　activated　a夏um血a　according　to伍e　method　described
by　Bouloux　et　a1［30］and　measured　by　means　ofhigh－perfb㎜ance　liquid　chromatography
（LaChrorn；Hitachi）and　an　electrochemical　detector（Coulochem　II；ESA，　Chelmsfbrd，
Massachusetts，　USA）．　As　an　intemal　standard，3，4－dihydroxybenzylamine（DHBA；Sigma
Che皿cal　Company，　St．　Louis，　Missouri，　USA）was　used．　The　peごcentage　recovery　of
authentic　DHBA　standard　was　64％to　77％．　　露
Data　evaluation
　　　All　data　obtained　were　analyzed　together　w輌th　Prism　statistical　software（version　4；
GraphPad　So負ware，　S　an　Diego，　Califbr垣a，　USA）．　One－way　analysis　ofvariance　fbr　repeated
measures　was　used　to　examine　the　time　effヒct　wi血in　each　group　and　the　group　effect　at　each
tim・p・i・t．　Wh・n・・ig・元五・鋤t　di証・・ce　w・・免叫ih・T・k・y　t・・t　w・…ed　t・c・mp鍵・th・
means．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　9
　　　　The　normalized　area皿der　the　curve（AUC）was　ca1銀1ated　fbr　each　biochemical
variable．　The　AUC　was　measured　by　calculating　the　sum　of　the　trapezoids　fζ）mled　by　the　data
points　and　the　x－axis　f沁m　O　to　6　h．　The　d遜erence　between　the　mean　AUC　ofthe　colltrol
group　and　the　AUC　of　a　certain　individual　was　defined　as　the　no㎜a▲ized　AUC．　The
normalized　AUC　data　were　p1磁ed　against　dose　ofmedeto面dine　or　xylazine，　and　simple
linear　regression　analysis　was　applied．　When　a　significanωif允rence　was　fbund，　the　effect　of
the　drug　on　the　plasma　level　of　the　exa芝nined　biochemical　was　claimed　to　be　dose－related．
　　　　Mean　values征e　presented　with　error　of　the　mean　in　pare紬esi5．　The　level　of
significance　in　all　tests　was　set　at　P＜α05．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Resu脆s
　　　　For　all　of　the　variables，　there　were　no　sigrlificant　diffbrences　between　the　groups　at
baseline（time　O）．
　　　　Glucose　vahユes　increased　greatly　after　admjnistration　m　all　gr◎ups　except　the　c◎ntroI
group（Figure　1）．　A　dose－dependent　response　of　the　peak　glucose　level　was　also　fbund　in　the
XYL　groups　at　2　h　post－administration．　The　maximum　mean　value　was　383土80（mean圭
SD）mg／dL　with　XYL－8　and　371圭61（mean圭SD）mg／dL　with　MED－320．　The　linear
regression　of　the　normalized　AUC　data　from　O　to　6　h。was　significant　in　both　groups（Figure
2），indicating　that　both　drugs　induced　hyperglycemia　in　a　dose－dependent　malmer．　However，
time－related　changes　differed：the　glucose　values　in　the　XYL　groups　ret田ned　to　baseline
gradually　a丘er　the　peak　at　2　h；whereas　the　values　in　the　MED　groups　tended　to　plateau　near
the　peak　and　then　return　gradually　to　baseline　in　a　dose－dependent　marmer．　The　linea∫
regression　of　the　normalized　AUC　data　f士om　O　to　2　h　was　significant　in　the　XYL　gmups　but
not垣the　MED　groups，　indicating　that　medetomidine，　in　contrast　to　xylazine，　did　not　cause　a
dose－related　increase　in　plasma　glucose　concentration，　especially　during　the　early　phase蛾er
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admit亘stration（F輌gure　3）．　S　imilar　results　were　ob勧ned　with　linear　regression　ofthe
normalized　AUC　data　fヒom　O　to　3　h．
　　　　Compared　wi重h　dle　baseline　value，　the　mean　concentration　ofnorep血ephrine　was
increased，　but　not　significantly，　in血e　control　group　at　2　h　after　salme　ad㎜s1巨a杜on・The
mean　concentratioll　was　significantly　decreased　in　the　XYL－1　group　a杜and　2　h　a丘er　drug
admi㎡s仕ation　and　tended　to　decrease　in　the　other　XYL　and　MED　groups（Figure　4）．　The
normalized　AUC　data丘om　O　to　6　h　were　lower輌n　the　MED　and　XYL　groups　than　in　the
control　group（Fig田e　5），　significantly　so　in　the　MBD－40，　MED－160，　XYL－1，XYL2，　and
XYL－4　groups．　However，　the　AUC　data　fbr　the　highest－dosage　groups（MED－320　and
XYL－8）were　not　fUrther　reduced　when　compared　with　those　fbr　the　MED－160　and　XYL－4
9・・Up…e・p・cti・・ly・Th・h・・田・eg・essi・n・f血・n・鯛i・・d　AUC　d・t・w・…t・ig・i負・組t
丘）reither　treatment　group，　indicating　thameitheτmedetomidine　nor　xylazine　induced　a
dose－dependent　supPression　ofnorepinephrine　release　within　the　tested　dosages．
　　　　Compared　with　the　baseline　value，　the　mean　concentration　of　epinephrine　was
significantIy　increased　m　the　con白℃l　group　at　2　h　after　sa㎞e　admi垣stration．　The　mean
concentration　tended　to　decrease　in　a且MED　and　XYL　gmups（Figure　6）．　The　normal輌zed
AUC　data　from　O　to　6　h　tended　to　be　Iower　in　the　MED　and　XYL　groups　than　in　the　con白℃l
group（Figure　7）and　were　significantly　Iower　in　the　MED－160　and　MED－320　groups．　The
linear　regression　ofthe　no㎜alized　AUC　data　was　not　sigrぱficant　fbr　either舵atment　gr◎up，
indicatmg　that　neither　medetomidine　nor　xyla2亘11e　induced　a　dose－dependent　suppression　of
epi館phrine　release　within　the　tested　do　sages．
　　　　The　mean　concentration　of　cortisol　had　increased，　though　not　significantly，丘om　1．42士
1．37to　3．40士2．79（mean土SD）μg／dL　at　O5　h　a丘er　admLinistration　of　saline；it　th斑retumed
to　baseline（Figure　8）．　In　all　MED　groups，　the　concentration　tended　to　decrease　by　I　h　a丘eエ
administration（fbr　example，　f｝om　1．40圭0．75　to　O．28±0．B（mean土SD）μg／dL　in　the
MED－80　group）□n　the　XYし2，－4，　and－8　groups，　the　concentration　tended　to　decrease　by　15
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　11
mi垣01hafter　admi垣stratioI1（fbr　example，　f｝om　1．24土1．03　t◎0．64士0．43（mean士SD）
μg／dL　at　O　5　h　in　the　XYL－2　group），　whereas　in　the　XYIゾ0，5　and－l　gτoups　the　concentration
initially　incエeased　and　then　gradually　re加med　to　baselme．　However，　oveτaIl，　there　were　no
sigr口ficant　diffbrences　between　the　control　and　MED　groups　or　betwe頭the　controlεmd　XYL
grOUPS・
　　　　In　bo舳ug　goups，也e　insulin　concentration　decreased㎞e磁ately姐er
administra丈ion　ofmedetomidine　or　xylazine　and　gradually　returned　to　baseline（Figure　9）．
The　decrease　was　sign近cant（P＜0．05）fbr　2　h　i加he　MED－320　group．　The　slopes　ofthe
recovery　phases　indicated　that　medetomidine　suppressed　the　plasma　insu1垣concentrati◎n　in
adose－dependent　ma㎜er．　The　higher　doses　of　xylazine　delayed　recovery　fξom　the　insulin
s哩pression．　However，　the　linear　regression　of　the　no鋤alized　AUC　data丘om　O之06hwas
not　sig垣ficant　fbr　either　treatment　group，　mdicatmg　that　neither　medetornidine　nor　xylazine
induced　a　dcse－dependellt　i血bition　of　msulirl　release　within　the　tested　dosages．
　　　　The　NEFA　concentrations　dec童eased　a丘er　adm血istration　of　both　drugs　a丑d　then、
gradually　retumed　to　baseline（Figure　10）．　Higher　doses　of　medetomidme　and　xylazine
tended　to　delayぎecovery　f士om　the　NEFA　suppression．　The　lhlear　rCgression　of　the
no㎜alized　AUC　data丘om　O　to　6　h　was　not　sig㎡五c斑fbr　ei也e紺ea㎞ent　group．
　　　　The　glucagon　concen仕ation　did　not　signi丘ca且tly　change　during　the　experiments　in　any
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ぽ
of　the　groups　treated　with　either　drug（Figure　11）．　The　glucagon／insulin　ratio血creased　and
then　retumed　to　baseline　with　both　drugs（data　not　shown）．　These　fin4ings　depended　on　the
changes　in　plasma　insulin　concenぬtion，
12
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Figure　1．Plasma　glucoSe　concentratiolls　after　the　administration　ofvarious　doses　ofA）
medetomidine（MED；μg／kg）and　B）xylazine（XYL；mg／kg）to　cats．　Each　point　and　vertical
bar　represent　the　mean　and　standard　error（η＝5）；a－significantly　diff巴ent（P＜0．05）f士om
the　value　at　time　O（befbre　drug　administration）．
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Figure　3．Normalized　AUC　data　f士om　O　to　2　h　fbr　the　plasma　glucose　concentration　after
administration　ofA）medetomidine　or　B）xylazine．　Simple　lmear　regression　analysis　was
applied．　Each　point　and　vertical　bar　represent　the　mean　and　standard　error（η＝5）
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Figure　4．　Plasma　norepinephrine　concentrations　after　the　adm輌nistration　ofA）nledetomidine
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Figure　5．　Normalized　AUC　data丘om　O　to　6　h　fbr　the　plasma　norepinephrine　concent∫ation
after　administration　of　A）medetomidine　or　B）xylazine．　Each　bar　and　vertical　bar　represent
the　mean　and　standaエd　error（η＝5）．　Asterisks　indicate　a　significant　di£飴rence（P＜0．05）
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Figure　7．　Normalized　AUC　data丘om　O　to　6　h　fbr　the　plasma　concentration　after
administration　of　A）medetomidine　or　B）xylaz垣e．　Each　bar　a簸d　vertical　bar　represent　the
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Discussion
　　　　　Induction　ofhyperglycemia　by　medetomidine　or　xylazine　has　been　reported　in　various
animals，　including　dogs［9，11，12］．　In　this　study，　it　was　fbund　that　the　hyperglycemia
induced　in　cats　by　these　drugs　was　greater　than　the　previously　reported　values　fbr　dogs［9］．
Hyperglycemia　was　reported　to　occur　easily　in　cats　as　a　result　ofacute　stress，　such　as　with
restraint［31］，　and　to　be　due　to　elevation　ofplasma　concentrations　of　stress－related　ho】㎜ones，
such　as　cortisol　and　catecholamines．　However，　in　this　experiment，　only　a　shght，
nonsignifican乞increase　in　cortisol　level　was　observed　in　the　control　group，　and　it　apparently
was　insuf五cient　to　cause　an　increase　in　glucose　leve1．　In　addition，　this　study　did　not　filld
elevations　of　cortisol　and　catechoIε皿油e　Ievels　in　eitheτdrug－treated　group，　in　spite　of　the
remarkable　hyperglycemia．
　　　The　mechanism　of　hyperglycemia　induction　byα2－adrenoceptor　agonists　is　understood　to
be　mainly　via　i血bition　of　insulin　secretion　through　actions　of　the　ag皿ists　on
α2－adrenoceptors　in　theβcells　ofthe　pancreas［32，33］．　The　present　results　in　cats　showed
that，　although　the　suppression　ofthe　plasma　insulin　concentration　induced　by　medetomidine
and　xylazine　was　to　the　same　degree　as　in　dogs，　the　elevation　of　the　plasma　glucose
concentration　was　much　greater　than　in　dogs．　The　increases　in　glucose　level　were　also
higher　in　cats　than　in　dogs　soon　a負er（㎞g　administration．　These　findings　suggest　that
factors　in　addition　to　inhibition　of　insulin　secretion　may　be　involved　in
α2－adrenoceptor－induced　hyperglycenlia　in　cats．
　　　The　effbcts　ofα2－adrenoceptor　agonists　on　plasma　glucose　and　insulin　concentrations
have　been　reported　in　a　variety　ofanimals［9，13，34－38］．　Clonidine　and　medetomidine　were
reported　to　increase　plasma　glucose　levels　in　a　dose－dependent　manner　in　cattle［13，35］alld
rats［34，36］．Fuτthermore，2．21ng／kg　of　xylazine　administered　intramuscularly　to　dogs
24
caused　an　increase　in　plasma　glucose　concentratlon　and　a　decrease　in　insulin　c皿centration
［37］．The　results　of　these　studies　were　s輌Σnilar　to　the　present　results．
　　　When　10and　20μg／kg　of　medetoエnidine　was　adlninistered　intravellously　to　beagle　dogs，
the　plasma　glucose　concentration　tended　to　increase，　but　not　significantly，　and　it　remained
withill　the　normal　physiclogicahange［38］；the　investigators　observed　a　peak　of　about　90
mg／dL　3　h　a丘er　administration　of20μg刀（g．　In　ano仕［er　sロ1dy　in　beagle　dogs，　intramuscular
ir唾ections　of　10to　80μg／kg　induced　an　hlcrease　in　plasma　glucose　concentration　and　a　peak
of　122　mg／dL　at　3　h　after　adlninistration　of　20μ9／kg［9］．　ln　these　2　studies，　the　plasma
insulin　concentration　decreased　si面larly．　Howeveエ，　the　hyperglycemic　response　was　not
dose－dependent［9］．　In　the　p∫esent　study，　although　the　decrease　in　the　plasma　insulin
collcentration　in　cats　was　similar　to　that　reported　in　dogs［9］，　the　elevation　in　the　plasma
glucose　concentration　was　remarkably　greater　in　the　cats　than　in　dogs．　S　ome　factors　besides
the　decrease　in　the　plasma　insulin　concentration　rnay　be　responsible　fbr　the　diffbrence
between　dogs　and　cats　in　the　degree　of　hyperglycemia・It　has　been　suggested　that　glucose
production　with　high　activity　ofrate－limiting　glycogenic　enzymes　was　greater　in　fbline　liver
than　in　car直ne　liver，　although　the　plasma　glucose　concentrations㎜der　physiologically
no㎜al　conditions　were　similar［39］．　It　is　also　possible　that　the　increase　in　the　plasma
glucose　concentration　related　to　the　decrease　in　the　plasma　insulin　level　is　greater　in　cats
than　in　dogs．　This　may　be　one　of　the　reasons　fi）r　the　remaエkable　hyperglycemia　induced　by
α2－adrenoceptor　agcnists輌n　cats．
　　　　Aprevious　study　fb㎜d　that　in　beagle　dogs　the　hyperglycemic　ef琵ct　was
dose－dependent　with　xylazine　but　not　with　medetomidine［9］．　In　the　present　study　in　cats，　it
was　fbtmd　that　both　drugs　induced　remarkable　hyperglycemia　in　a　dose－dependent　manner．
However，　the　hyperglycemic　response　in　the　early　phase（up　to　3　h　after　ir亘ection）was　not
dose－dependent　with　medetomidine　but　was　with副azine．　To　authoゴs㎞owledge，　this　is
the　first　report　of　a　dif琵rence　in　hyperglycemic　response　between　medetom輌dine　and
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xylazine　in　cats．　The　decreases輌n　insulin　concentration　after　adm皿stration　of
medetomidine　and　xylazine　were　sim輌la∫in　this　s敏dy．　Although　the　changes　were　not
dose－dependent，　high　doses　ofboth　drugs　tended　to　prolcng　the　ir血bition　of三nsulin　release．
Therefbre，仕Le　present　resu猛s　in　cats　suggest　that　the　difference　be札veen　the　2　drugs　in　the
hyperglycemic　response　ca㎜．ot　be　explained　only　byα2－adrenoceptor－mediated　inhibit輌on
of　insulin　release．
　　　　　The　increase輌n　plasma　glucose　concentrati皿was　reported　to　be　more　significant　when
xylazine　was　administered　v輌a　a　peripheral　vein　rathef　than　the　lateral　ventricle，　in（五cating
that　xylazine－induced　hyperglycemia　is　mediated血ough　actions　on　peripheral　sites　rather
血an也e　cen仕ahervous　system［10］．R㎞e㎜ore，翫ose　investigators品und　that　xy1麺e
acted　more　rapidly　and　potent　on　hyperglycemia　when　it　was　infbsed血to　the　femoral　rather
than　the　portal　vein　in　cats．　They　suggested　that　xylazine－induced　hyperglycemia　was　not
produced　by　a　d註ect　action　on　the　liver．　Glucose　metabolism　in　the　liver　is　regulated　by
both　anabolic　action，　which　is　accelerated　by　insulin，　and　catabolic　acti皿，　which　is
accelerated　by　glucagon．　The　glucago〆insulin　ratio　is　an　indication　of　glucose　metabolism
in　the　liver．　The　ratio　was　fbund　to　increase　after　xylazille　administration　in　cats，　which
meant　relative　acceleration　of　gluconeogenesis　over　glycolysis［10］．　Si㎡lar　results　in　cats
g輌ven　either　xylazine　or　medetomidine　were　obtahed　in　this　study．
　　　Oth6r　have　reported　that　higher　doses　of　clonidine　increased　glucose　release　ffom　bovine
and　canine　liver　slices∫ηviヵo［35，40］．　The　subtype　ofα一adrenoceptors　mediating　this　action
seemed　to　beα1　rather　thanα2，　because　prazosin，　a　specificαradrenoceptor　antagonist，
blocked　the　release　of　glucose　more　effectively　thεm　yohimbine，　anα2－antagonist［40］．　B　oth
medetomidine　a且d　xylazine　also　have　an　effbct　onα仁adrenoceptors，　xylazine　more　so　than
medetomidine．1㎡dazoline－receptor　agonists　were　reported　to　increase　the　secretion　of
insulin［41］．　Medetomidine　has　an　af五ni巧fbr　the　imidazoline　receptors，㎜like　xylazine［8］．
However，　the　decrease　in　plasma　insulin　concentration　was　similar　wi重h　medetomidine　and
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xylazine　in　this　study．　Therefbre，　some　of　the　dif允rences　between　medetomidine　and
xylazine　in　their　direct　actions　in　the　liver　or　in　their　actions　that　are　mediated　by
αradrenoceptors，　imidazoline　receptors，　or　both　may　be　paエtially　involved　in　the
hyperglycemic　responses　to　the　2　agents　in　cats．
　　　The　elevation　in　plasma　glucose　concentration　was　appa∫ent　at　15min　after　drug
administration　in　this　study．　It　was　assumed　that　this　acute　hyperglycemia　in　cats　might　be
paエtially（lue　to血e　cha丑ging　cortisol　concentration、　The　cortisol　concen仕ation　is　regulated
by　both　the　peripheral　system，　in　the　adrenal　cortex，　and癒e　central　nervous　system，　through
由erele酪e　of　cortic曲pin－releasing　hormone　and　adrenocorticotropic　ho㎜one（ACTH）．
The　e飽ct　ofα2－adrenoceptor　agonists　on　the　secretion　of　cortisol　has　been　reported　fbr
various　animals．　In　dogs　given　medetomidine　or　xylazine　intramuscularly，　the玄e　was　no
significant　change　in　the　p夏asma　cortisol　concentration［9］．　In　calves　given　40μg／kg　of
medetomidine，　there　was　a　slight，　nonsignificant　elevation　in　plasma　cortisol　concentration，
whereas　in　cows　a且d　sheep　given　the　same　dosages　there　were　increases　of　approximately　4
t㎞es　alld　6　to　8　times，　respectively［12］．In　huエnans，　oral　administra五〇n　of　clonidine，0．45
mg／kg　fbr　3　d，　decreased　the　plasma　cortisol　leve1［42］，　whereas　O．ユto　O　2　mg／kg　fbr　4　d　did
not　cause　a　significant　decrease［43］．　In　dogs，　premedication　with　medetomidine　reduced　or
delayed也e　elevation　in　plasma　cortisol　concentra宜on　induced　by　ovariohysterectomy　m
dogs［44］，　and　sedation　with　xylazine　diminished　the　increase　after　intradermal　testing［45］．
　　　These　studies　indicate　thatα2－adrenoceptor　agonists　such　as　medetomidine，　xylazine，　and
clonidine　can　inhibit　cortisol　secretion．　However，　it　is　unclear　whether　this　effbct　is　specific
fbrα2－adr頭oceptors　or　other　receptors．　Recent　studies　suggest　that輌midazoline　receμors，
but　notα2－adrenoceptors，　may　be　involved　in　the血hibition　of　cortisol　secretion　f士om　the
adrenal　cortex．　An加viかo　study　revealed　that　the　imidazoline－（Σ2－adrenergic　agents
medetomidine，　detomidine，　and　atipamezole　all　iDhib輌ted　the　secretion　of　cortisol　ffom
porcine　adrenocortical　cells［46］．As　medetomidine　and　detomidine　are　select輌ve
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α2－adrenoceptor　agonists　and　atipameZole　is　a　selectiveα2－adrenoceptor　antago正亘st，　this　　　　．
effect　is　unrelated　to　these　agentsうact輌ons　onα2－adrenoceptors．　The　selective
α2－adrenoceptor　agonist　D－medetomidine　and　its　enantiomer，　L－rnedetomidine，　which　is
ineffective　clinically，　were　fb㎜d　to　be　equally　ef民ctive　in　i血biting　ACTH－stiエnulated
corticosterone　secretion丘om　adrenocortica豆cells　of　rats［47］．　These　findings　also　indicate
that　imidazoline　receptors　1丑ay　be　inv◎lved　in　the　supPression　of　coytisol　secretiolL　The
present　experiments　in　cats　revealed　that　the　plasma　cortisol　concentration　ffom　15㎜to　l
hafter　administration　of　either　medetomidine　or　xylazine　t頭ded　to　be　suppressed，　whereas
it　tended　to　be　increased　at　O．5　h　after　administration　of　salme．　However，　thesC　findmgs　were
not　sig垣f］cant．　Therefbre，　the　prese磁results　suggest　the　possibility　that　both　medetomidine
and　xylazine　have　an　inhibitory　effect　on　the　elevation　of　the　plasma　cortisol　concentration
in　cats．　These　effbcts　would　be　usefUI　fbr　relief　f壬om　a　variety　of　stressors．
　　　Theα2－a（kenoceptor　agonists　are　well㎞o㎜to　inhibit　sympa血etic　out且ow　in　the
central　nervous　system　through　their　actions　onα2－adrenoceptors，　hence　decreasing　the　level
of　circulating　catecholamines。　A　reduction　in　plasma　catecholamine　levels　associated　with
the　use　ofα2－a血enoceptor　ago垣sts　has　been　repo∫ted允r　dogs［9］，　h㎜ans［48，49］，　horses
［50，51］，and　goats［52］．　However，　there　were　no　previous　reports　ab皿t　the　effects　of
medetornidine　and　xylaz輌ne　on　plasma　catecho1㎜ine　levels　in　cats．　The　pres斑t　s蝕dy　in
cats　revealed　that　both　drugs　reduced　the　plasma　epinephrine　and　norepinephrine
conc頭trations．　A　previous　report　in　dogs　described　a　dose－dependent　decrease　in　plasma
epinephrine　and　norepinephrine　concenロlations　with　both　drugs［9］．　In　the　cats　in　the　present
study，　however，　the　suppression　of　catecholamine　release　was　not　dose－dependent　fbr　either
drug．　In　the　XYL　8　group，　the　reductions　tended　to　be　smaller　than　in　the　other　XYL　groups．
As　xylazine　has　a　lowα2／α正selectivity　ratio　of　160［27］，　a　high　dose　ofxylazine（as　in　the
XYL－8　group）may　act　onαradr題oceptors　that　mediate　the　stimulation　of　sympathetic
outflow　and　thus　be　less　ef琵ctive　in　reducing　the　plasma　epinephrine　and　norepinephrine
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concentrations．　In　contrast，　s輌nce　theα2／α1　seIectivity　ratio　ofmedetomidine　is　1620，　its
action　onα1－adrenoceptors　may　not　have　been　present　i鯨he　MED　groups　in　this　study．
However，　medet◎midine　al　so　has　an　affini巧fbr　imidazolineτeceptors．　Imidazoline－related
drugs　are　able　not　only　to　inhibit　no玄epinephrine　release　through　the
α2－adぎenoceptor－mediated　mechallism　but　also　to　induce　norepinephrine　release　through
indirect　mechanisms　related　to　I　l　imidazoline　receptors［53］．　Therefbre，　actions　of
medetomidine　on　bothα2－adrenoceptors　and　imidazoline　receptors　may　have　been　involved
in　the　changes　in　plasma　epinephrine　and　norepinephr祖e　concen｛エati◎ns　in　the　present　study．
　　　It　is　also　possH）le　that　the　action　ofα2－adrenoceptor　agol並sts　on　the　cε庄d輌ovascular
system　may　be　responsible　fbr　the　smaller　suppression　of　catecholamine　release　with　high
doses　of　medetomidine　and　xylazine．　Theα2－adrenoceptor　agonists　can　produce　hypotensive
and　bradycardic　effects　through　the　central　nervous　system，　whereas　they　induce
vasoconstriction　via　peripheral　ot2－adrenoceptors　in　both　the　arterial　and　venous　vasculatし江e．
Thus，α2－adrelloceptor　agonists　show　a　biphasic　ef丘ct　on　blood　pressure．　Hypotension
activates　the　sympa血etic　system　through　the　arterial　baroreceptor　reflex，　caustng　an　increase
in　epinephrine　and　norepinephrine　concentrations［54］．　In　humans，　an　overdose　ofxylazine
can　induce　hypotension［55］．　Such　differences　in血e　sympathetic　system　amo丑g　the　dosages
of　medetomidine　and　xylazine　might　i㎡luence　the　suppression　of　epinephrine　and
norepinephrine　release．　The　precise　mecha垣sms　by　which　the　higher　doses　of　medetomidine
and　xylazine　did　not　f血her　reduce　the　catecholamine　concentrations　are　not　clear．
　　　　In　the　present　study，　the　plasma　glucagon　level　did　not　change　sigr□f］cantly　after
administration　of　either　medetornidine　or　xylazine　to　the　cats，　mdicating　that　it　is　not　related
to　the　hyperglycemic　effbcts　of　these　agents．　This　finding　is　in　agreement　with　a　previous
report　on　dogs［9］．
　　　The　plasma　NEFA　concelltration　decreased　similarly　after　administration　of
medetomidine　and　xylazine　in　this　smdy．　To　authorうs㎞owledge，　this　is　the鉦st　report
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outlining　the　e£飴ct　ofthese　drugs　on　the　plasma　NEFA　concentration　in　cats．　The
suppression　was　similar　to　that　previously　reported　fbr　dogs［9］and　cattle［56］．　Suppression
of　lipolysis　in　cats　may　be　mediated　by　both　central　and　periphera1α2－adrenoceptors，　as　has
previously　been　reported　fbr　dogs［57］and　humansこ58］．
　　　In　conclusi皿，　both　medetom輌dine　and　xylazine　induced　remarkable　hyperglycemia　in
cats　compared　with　that　reported　fbr　dogs．　The　hyperglycemic　response　to　medetomidine
during　the　initia13hwas　not　dose－dependent，　hl　contrast　to　the　response　to　xylazine．　Both
drugs　suppressed　epinephr祖e　and　norepillephrine　release，　but　the　suppression　was　also　not
dose－dependent　at　the　tested　dosages．　Both　agents　inhibite（l　insulin　release　a刀d　lipolysis，
with　similar　potency，　and　tended　to　suppress　cortisol　release．　The　glucagon　level　did　not
change　signi丘cantly　in　any　trea血ent　group．　These　results　suggest　that　the　e飽cts　of
medetonlid輌ne　and　xylazine　on　glucose　metaboHsm　and　catecholamine　release　rnay　not　be
due　only　to　the　actions　mediated　byα2－adrenoceptors．
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Chapter　3
　　　　　　　　　　Effects　of　medetomidine　and　midazolam　alone　or　in
combination　on　the　metabolic　and　neurohormonal　responses　in
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　hea脆hy　cats
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　lntroduction
　　　　Aselectiveα2－adrenoceptor　agonist，　medetomid桓e　is　widely　used　fbr　sedati◎n，
analgesia，　or　muscle　relaxation　in　veterinary　medecine［5］．　However，　it　induces　undesirable
effects　such　as　hyperglycemia，　hypoinsu玉輌nemia，　emesis，　and　bradyarrhythmias　in　dogs　and
cats［9，59－61］．　The　medetomidine－induced　hyperglycemia　is　extremely　greater　in　cats　than
dogs［61］．Unfbrtunately，　there　are　no　reports　indicating　why　medetomidine－induced
hyperglycemia　is　greater　in　cats．　In　fbline　practice，　diabetes　mellitus，　hyperthyroidism，　and
hyp・・t・nti・・斑・・丘…b・e・ved．　S亘・h　di…ders　l征9・1y澁…ce　th・允1in・m・t・b・li・皿d
n斑roho㎜onal　fimction．　Therefbre，　the　neurohormonal　and　metabolic　effεcts　of　sedative
agents　should　be　understood負）r　appropriate　use　in　fε1ine　practice．　Above　aU，　hyperglycemia
induced　byα2－adrenoceptor　agonists　as　well　as　diabetes　mellitus　is　accompanied　by
concurrent　hypoinsulinemia．　Thus，　medetomidine－induced　hyperglycemia　may　affect　the
囹ine　metabolism　similar　to　diabetes　mellitus．　Recently，　the　neurohormonal　and　metabolic
effbcts　of　medetomidine　at　diffbrent　dosages　in　cats　were　stじdied．　And，　it　was　fbund　that
medetomidine　induced　hyperglycemia，　hypoinsul血emia，　and　the　inhibition　of　catecholamines
release　and　lipolysis［61］．　Sedative　eflbct　should　be　adequate　fbr　various　purposes輌n　fもline
practice．　For　example，　cats　are　needed　to　be　imlnobile　fbr　opthalmologic　or　otologic
仕eatments　and　examinations．　Trea血nents　fbr　wounds　or　biopsy　also　need　to　be　done　under
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good　sedation．　High　doses　of　medetom輌dine　increase　the　sedative　e飽ct，　but　also　produce
larger　metabolic　and　nerohormonal　effects　such　as　hyperglycemia　in　cats［61］．　Therefbre，
Inedetomidine　may　be　used　in　the　combination　with　other　drugs　to　obtain　adequate　sedation
with　minimal　neurohormonal　and　metabolic　effect．
　　　　Midazolam　is　a　water．soluble　benzodiazepine　that　is　used　as　an　anxiolytic　in　h咀an
medicine［62］．　Midazolam　alone　does　not巧pically　produce　sedation　in　healthy　cats，　but　it
induces　ataxia，　restlessness，　and　abnormal　behavior　that　are　more　difficult　to　approach　and
restrain，　and　does　not　induce　profb㎜d　sedation［63］．　A　combination　of　medetomidine　widl
rnidazolam　has　been　reported　to　enhance　the　sedative　aヱ1d　analgesic　actions　of　the　individual
drug　in　rats［64］and　pigs［65］，　and　to　produce　deep　sedation　in　dogs［66］．　This　cornbina五〇n
has　been　reported　to　greatly　reduce　the　anesthetic血duction　dose　of　sodi㎜thiopental　and
propofbl　in　dogs［67］．　The　i㎡1uence　of　medetomidine－midazolam　comb垣ation　on　the
cardiopulmonary　function　or　the　electroencephalogram　has　been　also　reported　in　dogs　and
sheep［68－70］．　However，⑩the　best　of　author’s㎞owledge，　there　are　no　reports　on　the
neu玄ohormonal　and　metabolic　effbcts　of　medetomidine－midazolam　combination　ill　cats．　As
previously　reported　in　laboratory　pigs［25］，　it　is　also　postulated　in　cats　that　midazolam　in
combination　with　medetomidine　may　reduce　hyperglycemic　ef琵ct　induced　by　medetomid輌ne
alone．
　　　　To　evaluate　the　advantage　of　the　combination　ofmedetomidille　and　midazolam　in　cats，
this　study　was　conducted　to　investigate　the　effbcts　of　medetolnidine　and　midazolam　alone　or
in　their　combination　on　the　neuroho㎜onal　and　metabolic　variables（glucose，　insulin，　cor丘so1，
catecholalnines，　and　nonesterified　fatty　acid（NEFA））．　This　study　was　also　designed　to　model
clinical　conditions．　The　clinica11y　recommended　dose　of　medetomidine　as　a
sedative－allalgesic　in　cats　has　been　reported　to　be　O．04　to　O．08　mg／kg　intramuscularly［71］．
Also，　a　previous　study　has　revealed　that　an　illtravenous　administration　of　O．05　and　O．5　mg／kg
midazolam．　after　3　rng／kg　ketarnine　had　beneficial　effects　on　behavioral　responses　in　cats［63］．
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It　c銀sed　a　greater　propoエtion　of　cats　to　assume　a　laterally　rec㎜b頭t　position　with　head
do㎜compaエed　with　ketamine　alone．　h　addition，　doses　of　midazolam　of　O．5　mg／kg　or　above
reduced　muscle　rig輌dity　observed　in　cats　which　received　ketamine　alone，　and　greatly
d㎞㎞shed　a　nociceptive　response　in　cats［72］．　Based　on　previous丘ndings　described　above，
mtramuscular　doses　of　40μ9／kg　medetomidine　and　O　5　mg／kg　midazolarn　as　a　combination
were　determined　in　this　study．
　　　　　　　　　　　　　　　　　　　　　　　　　　　Materials　and　Methods
Animals
　　　Five　healthy　mixed－b玉eed　cats　ofboth　sexes（2　intact　males，2mtact　females，　and　l
neutered　male），　aged　4．8土3．2（mean土SD）yrs，　and　weighing　5．1圭0．8（mean」：SD）kg
were　used．　The　cats　were　housed　in　author’s　laboratory　fbr　at　least　one　month　befbre　the
exper㎞ents　and　fbd　a　standard　commercial　dry負）od．　Routine　hematological　examination
was　perfb㎜ed　prior　to　the　experiment．　All　values　were　within　no㎜al　physiological　ranges
［29］．The　experimental　protocols　were　approved　by　the　Anirnal　Research　Commi杜ee　of
To仕ori　Universi‡y．
Experimental　protocols
　　　　Five　cats　were　used　repeatedly　in　each　ofthe　five　groups　according　to　a　randomized
Iatin　square　crossover　design．　There　were　at　least　one　week　between　treatments　fbr　each　cat．
This　experiment　consisted　of　five　groups。　The　trea㎞ents　were　physiological　saline　solution
（2．O　m1／anima1）（Contro1）；0．5　mg／kg　midazolam　HC1（Dormicum；Astellas　Pharma，　Tokyo，
Japan）（MIDO．5）；40μglkg　medetomidine　Hα（Domitor；Me填Seika　Kaisha，　Tokyo，　Jap頗）
（MED40）；80μg1宝g　medetomidine　Hα（MED　80）；and　40μg／kg　medetomidine　HCI　and　O　5
mg／kg　midazolam　HC1（MED40－MIDO．5）mixed　in　a　syringe．　The（kugs　were　administered
in仕amuscularly（IM）in　all　of　groups．　As　theα2－adrenoceptor　ago垣sts　have　been　o茸en　used
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intramuscular　irj　ection［73］，this　route　was　prefbrred　in　the　present　study．　The　quadricepts　or
semじmembranousus　lnuscle　was　used　fbr　ir6　ection　site．
　　　　The　cats　were　fasted　fbr　12hbefbre　drug　i両ection。　Food　and　water　were　also　withheld
during　the　experiment，　and　of允red　again　l　h　after　the　last　blood　sampl五1g　of　the　day．　The
experiments　were　per飴㎜ed　in　a　room　wi血ak　temperature　set　at　25℃．
lnstrumentation　and　sample　collection
　　　　One　day　befbre　experiment，　a　17gauge　central　venous　ca重heter（EXCV　catheter垣t；
Tyco　Healthcare　Japan，　Tokyo，　Japan）was　introduced　into　the　j　ugular　vein　under　general
anesthesia　as　fbllows．　Prior　to　placement　of　the　catheter，6．6　to　8．8mg／kg　propofbl
（Rapinovet；Schering－Plough　Aヱ亘mal　Healt玩Osaka，　Japan）was　administered　intravenously
（IV）㎜til　adequate　anesthesia　was　induced．　After　induction，　anesthesia　was　maintained　at　a
constant　IV　ir血sion　rate　ofO．22　to　O．44　mg／kg／mhl　propofbl．　Lidocaine　spray（Xylocaine
pump　spray　8％；Astra　Zeneca，　Osaka，　Japan）was　used　fbr　assistance　of　local　allalgesia　at　the
catherization　site　of　skin．　The　catheter　was　flushed　with　1．5　mL　of　heparinized　physiological
saline　solution，　capped，　and　fixed．　After　fixing　the　catheter，　the　cat　was　placed　in　the
individual　cage　to　rest　overnight．　Blood　samples　were　taken丘om　the　catheter　at　O（base　line），
0．25，0．5，1，2，3，4，5，6，and　24　h　after　drug　i勾ection．　After　every　sampling，　the　cat　was　put
back　illto　the　cage．　Amo㎜．t　of　blood　withdrawn　f≧om　each　cat　at　once　experiment　was
approximately　20　mL　Packed　cell　volume　and　the　other　routine　hematological　parameters
were　monitored　through　the　experiments．　A丘er　the　single　experiment，　the　catheter　was
rernoved　and　the　cat　were　allowed　to　recover　without　any　problems．
Measurements　of　behavioral　responses　and　physical　parameters
　　　　Cats　were　observed　fbr　behaviora▲and　visible　effbcts　such　as　sedation，　excitation，　and
vomiting　fbr　6　h　a丘er　i勾ect輌on　ofthe　drugs．　The　elapsed　time　fセ01〕1　initiation　of　latera1
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recumbency　position　to　recovery　fbr　prone　position　by　oneself　was　lneasured　as　o丑e　of
behavioral　responses　fbr　the　sedative　effect
　　　　After　every　blood　sampling，　o也er　tec㎞icialls　held　a　cat，　and㎞mediately　measured
physical　parameters．　Hea∫t　rate　was　monitored　by　usillg　a　stethoscope．　Respiration　rate　was
monitored　by　the　movements　of　the　thorax．　Rectal　temperature　was　measured　by　use　of　a
digital　thermometer．
Sample　processing
　　　　A2．O　mL　of　bIood　was　coIIected　at　each　time．　A　O．5　mL　vol㎜e丘om　each　blood
・amp1・w・・mi・・d　with叩・・tini・（T・a・yl・1；B・y・・Ph工maceuti・泣・C・・p…ti…L・v・・k・en・
Germany）separately　fbr　glucagon　measurement，　and　the　remaining　1．5　mL　blood　was　mixed
with　ethylenediamine　tetraacetic　acid（EDTA）fbr　other　measurements．　Both　samples　were
cen仕i血ged　i㎜ediately　at　4°C，　then　the　plasma　was　sep従ated　and丘ozen　at－80°C　and
analyzed．　Plasma　glucose，輌nsulin，　cortiso1，　catecholammes（epinephrine　and　norepinephrine），
glucagon，　and　NEFA　were　measured　in　aU　samples．
???
Analytical　methods
　　　　Glucoseξmd　NEFA　values　were　determined　by　e町me　assay　tec㎞ique　using
co㎜erci垣1y　available嬉ts（Glucose　CII－test　W欲o　and　NEFA　C－test　W欲o；W丞o
Junya㎞kogyo，　Osaka，　Japan）．　Glucose　was　analyzed　by　the　mutarotase－glucose　oxidase
method．　NEFA　was　analyzed　by　the　acy1－CoA　synthetase－acyl－CoA　oxidase　method．　Each
coef五cient　of　variation（CV）values　of　these　kits　were＜2％at　intra　assay　in　glucose　and＜
3％at　intra　assay　in　NEFA．　The　limits　of　quantification　were　700　mg／dL　in　glucose　and　2
rnEq／L　iエ1　NEFA．　Glucose　and　NEFA　were　measured　by　use　of　a　spectrophotometer（Auto
Sipper　Photometer　U－1080；Hitachi，　Tokyo，　Japan）．　Insulin　and　glucagon　were　measured　by
double　antibody　radioim1刀．unoassay（RIA）tec㎞ique（1－AJ16；Eiken　Chemical　and　Glucagon
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垣tDaiichi；TFB　Stock　Company，　Tokyo，　Japan）。　The　CV　values　of　these　R［A　kits　were＜
10％at　intra　assay　in　insulin　and　2．6　to　5．3％at　intra　assay，2．4　to　3．6％at　inter　assay　in
glucagon．　The　limits　of　detection　and　quantification　were　5　to　320μU／lnL　in　insulin　and　15．6
to　4000　pg／mL　in　glucagon．　Cortisol　was　measured　by　single　antibody　RIA　technique
（Gamma　Coat　Cortiso1；Nihon　Sheer輌ng，　Chiba，　Japan）．　The　CV　values　ofthis　kit　were　3．5　to
5．0％at　intra　assay　and　4．2　to　8．7％at　inter　assay．　The　limits　of　detection　and　quanti負cation
were　O．23　to　60μg／dL．　Catecholamines　were　extracted　on　activated　alumina　according　to　the
method　described　by　Bouloux　et　a1［30］，　and　measured　by　a　h輌gh　perfbrmance　liquid
chromatography（LaChrom；Hitachi，　Tokyo，　Japan）comb㎞ed　with　an　electrochemica玉
detector（ρoulochem　II；ESA，　Chelmsfbrd，　Massachuse仕s，　USA）．　Interna1
3－4－dihydroxybenzylamine（DHBA；Sigma，　SL　Louis，　Missouri，　USA）standard　was　used．
The　percentage　recoveries　ofa磁henti　c　DHBA　standard　were　64　to　77％．
?．．??
Data　evaluation
　　　　All　data　obtained　were　analyzed　together　using　sta6stical　software（Prism　v．4；Graphpad
software，　Inc．　San　Diego，　USA）．　One－way　analysis　of　variance（ANOVA）fbr　repeated
measures　was　used　to　examine也e　time　effect　wit垣n　each　group，　and　one－way　ANOVA　fbr
group　effbct　at　each　time　point．　When　a　significant　difference　was　fbund，　the　Tukey　test　was
used　to　compare　the　means．
　　　　The　area㎜der　curve（AUC）was　cal斑lated　fbr　each　biochemical　variable．　The　AUC
was　meas砿ed　by　calculating　the　sum　ofthe仕apezoids　fb㎜ed　by　the　da捻points孤d　the
x－axis．　The　level　of　significance　in　all　tests　was　set　at　1）＜0．05．
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Behavioral　responses　and　physical　parameters
　　　　Aprofbund　sedation　was　not　observed　in　MIDO5　group．　However，　excitem斑t－like
behaviors　such　as　ataxia　behavior，　salivation，　and　restlessr［ess　were　observed．　In　the　MED40，
MED　80，　and　MED40－MIDO．5　groups，　all　cats　showed　a　profbund　sedation　and　subsequently
1・t・・泣・ec㎜b…y・V・面ting　w・・ρb・ew・d　b・輪p・・允㎜d・ed・ti・n　in泣1　cat・gi・・n　th・
MED．　The　duration　of　lateral　recumbellcy　was　49±11（mean圭sEM）min　in　the　MED40
group　and　126土14（mean圭SEM）min　in　the　MED　80　group，　whereas　it　was　88土10（mean
±SEM）㎡n　in　the　MED40－MIDO．5　group．　The　duration　of　lateral　recumbency　in　the
MED40－MIDO．5　group　was　sigr面cantly　longer　compared　to　the　MED40　group（P〈0．05）．
However，　there　was　no　significant　difference　in　the　duration　of　lateral　recumbency　between
血eMED40－M［DO．5　and　the　MED80　gro㎎s（P＞0．05）．
　　　　No　significant　change　in　rectal　temperature　was　not　fbund　in　either　control　or　the
MEDO．5　group．　Rectal　temperature　decreased　significantly（P＜0．05）at　l　to　5　h　after
ad面㎡stration　in　the　MED40，　MED80，　and　MED40－MIDO．5　groups（Figure　12－A）．　The
decrease　of　rectal　temperamre　in　the　MED40－MIDO．5　group　tended　to　be　greater　than　the
MED40　group，　but　smaUer　than　the　MED80　group．
　　　　Heart　rate　decreased　significantly（P＜0．05）at　O．25　to　2　h　in　either　MED400r
MED40－MIDO．5　group，　and　at　O．25　to　3　h　in　the　MED80　group（Figure　12－B）．　There　were　no
significant　dif允rences　i吐eart　rate　betwe頭the　MED40－MIDO．5，　and　MED40　groups．
　　　　In　the　MIDO．5　group，　respiration　rate　tended　to　decrease　at　O　5　h　a丘er　administration，
but　not　sign輌ficantly（Figure　12－C）．　In　the　MED40　group，　respiration　rate　decreased
significantly（P＜0．05）at　2　to　4　h　a負er　adrninistration．　S㎞ilar　tendency　of　decreased
respiration　rates　were　fbund　in　the　MED80　group，　but　not　significant．　While，　in　the
MED40－MIDO．5　group，　respiratory　rate　also　tended　to　decrease，　and　to　recover　more　rapidly
than　the　MED40　group．
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GIucose
　　　　Plasma　glucose　concen仕ation　increased　a丘er　adlninistrat輌on　in　the　MED40，　MED80，
εmd　MED40－MIDO．5　groups．　While，　no　signi負cant　change　compared　to　basehne　was
observed　in　the　control　and　MIDO．5　groups（Figure　13－A）．　A　significallt　increase　of　glucose
value　was　fb㎜d　at　l　and　2　h　after　administration　in　the　MED40　group，　and　the　maximum
value　was　225±72（mean士SD）mg／dL　at　2　h．　In　MED　80　group，　glucose　value　increased
significantly　at　l　to　3　h　after　admirUstratio凪and　the　max㎞㎜value　was　267土99（mean土
SD）mg／dL　at　2　h．　Although　glucose　value　tended　to　increase　at　l　to　2　h　in　the
MED40－MIDO．5　group，　no　signi五cant　change　was　not　fbund．　The　AUC（0－6h）data　of　the
MED40　and　the　MED　80　groups　were　signi丘cantly　greater　compared　to　control　group（Figure
13－A）．The　AUC（0－6h）data　ofthe　MED40－MIDO5　group　tended　to　be　greater　than　that　of
c皿trol　group，　but　no　statistically　significant　diffεrence　was　fbund．　There　was　Ilo　significant
diffεrence　in　AUC　value　between　the　MIDO．5　and　control　groups（Figure　2－B）．
??
lns戚n
　　　　Plasma　insulhl　concentration　in　the　MIDO．5　group　did　not　significantly　change．　In　either
MED400r　MED80　group，輌nsulin　concentration　tended　to　decrease　at　O．25　to　l　h　a丘er
administration．　After　these　suppressive　changes，　insulin　concentration　tended　to　increase　over
the　baseline　value　in　both　groups（Figure　14－A）．　In　the　MED40－MIDO．5　group，　plaslna
insulin　concen1眩ation　decreased　significantly　at　O．25　to　l　h（P＜0．05），　and　subsequently
increased　signlficantly（P＜0．05）at　3　h　after　admin輌s仕ation．　The　AUC（0－6h）value　did　not
significantly　diffbr　between　the　groups．　However，　AUC（0－1h）value　of　plasma　insulin
concentration　tended　to　be　lower　in　the　MED40，　MED80，　and　MED40－MIDO．5　groups　than
control　group（Figure　14－B）．
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Glucagon
　　　　Glucagon　levels　of　both　the　MIDO．5　and　control　groups　did　not　significantly　change．　In
the　MED40　and　MED40－MIDO．5　groups，　plasma　glucagon　concentration　tended　to　increase
at　O．25　h，　and　then　decrease　at　20r　3　h　after　administration，　but　not　sign遣cant（Figure　15－A）．
In　the堀D80　group，　glucagon　concentration　tended　to　decrease　at　l　to　2　h　after
admini　stration，　but　also　not　significant．　The　AUC（0－6h）vahle　ofp至asma　glucagon　did　not
reveal　significant　d迂飽rences　be巳veen　any　groups（Figure　15・・B）．
Cor†isol
　　　　In　MIDO．5　group，　cortisol　value　tended　to　increase　at　O　5　h　after　admin輌stration，　and　then
decrease　gradually．　Plasma　cortisol　level　tended　to　slightly　decrease　at　l　h　after
admi㎡stration　in　the　MED40，　MED　80，　and　MED40－MIDO．5　groups，　but　not　sigr面cantly
（Figuτe　16－A）．　Throughout　the　period　of　this　exper輌rnent，　cordsol　level　in　the　control　gro叩
did　not　significantly　change．　The　AUC（0－6h）value　of　co杜isol　did　not　significantly　dif危
among　any　groups（Figure　16－B）．
NEFA
　　　　In　the　MED40，　MED　80，　and　MED40－MIDO．5　groups，　plasma　NEFA　concentrations
decreased　significant豆y（P＜0．05）at　O．5　to　3　h　a丘er　drug　admi㎡stration（Figure　17・．　A）．　In　the
MIDO．5　group，　plasma　NEFA　concentτatio加ended　to　decrease　transiently　at　O．25　h　a負er
administration，　and　then　increase　gradually．　The　AUC（0－4h）values　of　NEFA
concentration　were　significantly（P＜0．05）lower　iエ1　the　MED40，　MED　80，　and
MED40－MIDO．5　groups　compared　to　col並ro1（Figure　17－B）．
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Norepinephrine
　　　　In　control　group，　there　was　no　significant　change　throughout　the　period　of　this
experiment．　In　the　MIDO．5　group，　norepinephrine　concentration　increased　sig㎡ficantly（P＜
0．05）at　O．5　h　after　administration，　and　also　tended　to　increase　at　2　h．　In　the　MED40　group，
plasma　norepinephrine　concentration　decreased　significantly（P＜0．05）at　O。25　to　l　h　after
admi㎡stration（Figure　18・．　A）．　In　the　MED　80　group，　norepillephrine　concentration　decreased
significantly（P〈0．05）at　O．25　to　3　h　after　administration　compaτed　to　baseline．　Changes　of
norepinehrhle　concentration　in　the　MED40－MIDO．5　group　weτe　similar　to　those　in也e
MBD40　and　MED　80　groups，　but　not　sig㎡fica丑毛The　AUC（0－3h）data　of　norep輌nephrine
were　lower　s輌gnificantly（P＜0．05）hl　the　MED40，　MED　80，　and　MED40－MDO．5　groups
compared　to　the　MIDO．5　group（Figure　18＝・B）．　The　AUC（0－3h）value　was　greater　in　the
MED40－MIDO．5　group　than　the　MED40　group，　but　not　signi五cant．
??
Epinephrme
　　　　No　significant　change　ofplasma　epinephrine　conc斑tration　was　fbund　in　all　of　groups
throughout　24　h　period　of　this　experiment（Figure　19－A）．　However，　epin．ephrine
concentration　tended　to　decrease倉om　baseline　at　O．25　h　after　administration　in　the　MED40
group，　at　O．25　to　O．5　h　in．　the　MED40－MIDO．5　group，　and　at　O．25　to　2　h　in　the　MED80　group．
Whereas，　in　the　MIDO．5　group，　epinephrine　concentration　tended　to　increase　at　O．25　to　2　h
after　admi垣stration．　There　were　no　sigllificant　diffbrences　hl　AUC（0－6h）values　among
any　groups（Figufe　19－B）．
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Figure　12．　Rectal　temperatuτe（A），　heart　rate（B），　and　respiration　rate（C）fbllowing　the
administratioll　ofmedetomidine（MEDμg／kg）and　midazolam（MID　mg／kg）in　cats．　a：
signi五cantly　diffbrent　from　the　initial　va桓e（P＜0．05）．　Each　point　and　vertical　bar　represent
the　mean　and　SEM（ザ5）．
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Figure　13．　Plasma　glucose　levels　fbllowing　the　administration　ofmedetomidine（MEDμg／kg）
and　midazolam（MID　mg／kg）in　cats（A）．　Each　point　and　vertical　ba∫represent　the　mean　and
SEM（η＝5）．　a：sigrdficantly　different丘om　the　initial　value（P＜0．05）．　The　AUC（0－6h）
data　of　the　plasma　glucose　graphs　are　plotted　fbr　the　each　treatment（B）．　Cclumns　show　the
mean　with　vertical　bars　indicating　SEM（η＝5）．＊，＊＊：signi負cantly　different丘om　the
contro1（P＜0．05，0．01）．
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Figure　14．　Plasma　insulin　levels　fbllowing　the　admirUstration　of　medetomidine（MEDμg／kg）
and　midazolam（MID　mg／kg）in　cats（A）．　Each　point　and　vertical　bar　repres斑t　the　mean　and
SEM（η＝5）．　a：sig垣ficantly　diffbren西om　the　ini鉦al　value（P＜0．05）．　The　AUC（0－1h）
data　ofthe　plasma　glucose　graphs　are　plotted　fbr　the　each　treatment（B）。　Col㎜s　show　the
mean　with　vertical　bars　indicating　SEM（η＝5）．
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Figure　15．　Plasma　glucagon　levels　fbllowing　the　administration　of　medetomidine（MED
μg／kg）and　midazolam（MID　mglkg）in　cats（A）．　Each　point　and　vertical　bar　repres藺t　the
mean　and　SEM（η＝5）．　The　AUC（0－6h）data　ofthe　plasma　glucose　graphs　are　plotted　fbr
the　each　trea勧ent（B）．　Columns　show　the　mean　with　vertical　bars　mdicating　SEM（η＝5）．
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Figure　16．　Plasma　cortisol　levels董bllowing　the　administration　ofmedeto皿idine（MEDμg／kg）
and　rnidazolam（MID　mg／kg）in　cats（A）．　Each　point　and　vertical　bar　represent　the　mean　and
SEM（η＝5）．　The　AUC（0－6h）data　of　the　plaslna　glucose　graphs　are　plo枕ed　fbr　the　each
加atment（B）．　Colu㎜s　show　the　mean　w云th　ve牡ical　bars　indicating　SEM（刀＝5）．
45
　　4200
　　　　　　A
　　1000
ゴ800
璽、。。1塁?、。。
　　200
Boo35
???????????（」、?????）?????（＝??） ?
0
　　　　　　　　　　　　　　　　　　　　　　　　一〇－Con甘ol
　　　　　　　　　　　　　　　　　　　　　　　　－●－Mの0．5
　　　　　　　　　　　　　　　　　　　　　　　　－△－MED40
　　　　　　　　　　　　　　　　　　　　　　　　蔀しMEiD80
　　　　　　　　　　　　　　　　　　　　　　　　十MED40－M旧0．5
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－
　　　Time　a丘er　adminis廿a60n（h）
Control 刷DO．5 　　MEiD40
Trea㎞ents
MEiD80MED40－MlDO．5
Figure　17．　Plasma　NEFA　levels　fbllowing　the　administration　of　medetomidine（MEDμg／kg）
and　midazolam（MID　mg乃（g）in　cats（A）．　Each　point　and　vertical　bar　represent　the　mean　and
SEM（η＝5）．　a：significantly　diffbrent丘om　the　ini6al　value（P＜0．05）．　The　AUC（0－4h）
data　ofthe　plasma　glucose　graphs　aぎe　plotted　fbr　the　each　trea㎞ent（B）．　Columns　show　the
mean　with　vertical　b飢s　indicating　SEM（刀＝5）．＊：significantly　different　ffom　the　contro1（P
〈0．0玉）．
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Figure　18．　Plasma　norepinephrine　levels　fbUowing　the　administration　of　medetomidine
（MEDμg／kg）and　midazolam（MID　mg／kg）in　cats（A）。　Each　point　and　vertical　bar　repres斑t
the　mean　and　SEM（η＝5）。　a：signi五cantly　dif允rent伽m　the　i㎡tial　value（P＜0．05）．　The
AUC（0・・3h）data　of　the　plasma　glucose　graphs　are　plotted　fbr　the　each　treatment（B）．
Colu㎜s　show　the　mean　with　vertical　bars　indicating　SEM（η＝5）．＊，＊＊：signi負cantly
dif琵rent　f｝om　the　MIDO、5（P＜0．05，0．01）．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　47
A
﹈←????? ??
?
?????????????? ＝?」 ??
α0
?????????????。????
0
　　　　　　　　　　　　　　　　　　　　　　　　　　　一〇－Control
　　　　　　　　　　　　　　　　　　　　　　　　　　　－●－MDO．5
　　　　　　　　　　　　　　　　　　　　　　　　　　　〈MED40
　　　　　　　　　　　　　　　　　　　　　　　　　　　－▽－MED8◎
　　　　　　　　　　　　　　　　　　　　　　　　　　　一◇－MED40－MIDO．5
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－
1　　　　　　2　　　　　　3　　　　　　4　　　　　　5　　　　　　6　　　　　　　　24
　　　Time　after　administration｛h）
Control MDO．5 　　MED40
Treatments
MED80MED40・MDO．5
Figure　19、　Plasma　epinephrine　levels　fbllowing　the　administration　of　medetomidine（MED
μg／kg）and　midazolam（MID　mglkg）in　cats（A）．　Each　point　and　veracal　baエrepresent　the
mean　and　SEM（η＝5）．　The　AUC（0－6h）data　of　the　plasma　glucose　graphs雛e　plotted　fbr
the　each　treatment（B）．　C◎1u㎜s　show　the　me狙軸vertical　b訂s　indicating　SEM（η＝5）．
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Discussion
　　　　The　present　study　revealed　that　midazolam　in　combination　with　medetomidine
sig垣丘c孤tly　prolonged出e　d砒atlon　of　l頒eral　rec㎜bency　induced　by　medetomidine　in　cats．
Furthermore，　the　addition　of　midazolam　to　medetomid輌ne　reduced　or　did　not　enhance　the
adverse　effbcts　such　as　hypothermia，　bradyarrhythmia，　and　bradypenia　induced　by
medetomid血e瓠one．　There允re，　in　spite　ofe趣cem斑t　of　the　i㎜ob晦d田ation，　the
combination　of　medetomid血e　and　midazolam　does　not　largely　alter　or　partially　diminish　the
medetomidille－mduced　adverse　effect∬elated　to　physical　parameters　measured　in　this　study．
　　　　Aprevious　study　has　revealed　that　medetomidine　induces　hyperglycemia　in　cats［58］．
This　is　one　of　the　undesirable　effects　fbr　the　use　of　medetomidine　in　feline　practice．　The
hyperglycemia　induced　by　medetomidine　is　accompanied　by　hyp◎sinsulinemia　similar　to　the
diabetes　meUitus．　This　hyperglycemic　effect　may　limit　the　use　of　medetomidine　in　cats　with
metabolic　and　neurohormonal　problems　such　as　diabetes　mellitus，　ketosis，　a且d　glycosuria．
Then，　it　was　examined　whether　medetomidine－midazolaln　combination　could　i㎡1uence　the
hyperglycemic　effヒct◎f　medetomidine．　The　present　study　revealed　that
medetomidine－midazolam　combinatioll　tended　to　induce　hyperglycemia，　but　not　significantly，
whereas　either　MED400r　MED80　irLduced　apparent　hyperglycemia．　On　the　other　hand，　in　the
present　experiment，　MIDO．5　alone　did　not　produce　a　significant　change　of　plasma　glucose
concentration　ill　cats．　These　results　indicated　that　MED40－MIDO。5　combination　can　reduce
the　hyperglycernic　effbct　induced　by　the　same　dose　of　1エ1edetomidme　alone．　This　effbct　of
midazolam　in　combination　with　medetomidine　may　be　due　to　interactions　between　the
α2－adrenoceptors　and　b飽zodiazepme　receptors　or　gamma－aminobu敏ric　acid（GABA）
receptors　on　the　neurohormonal　mechanismsτelated　to　hyperglycemia　and　hypoinsulinelnia．
However，　the　precise　mechanism　of　this　effect　is　u㎡mown．　This　effect　of
medetomidine－midazolam　combination　on　hyperglycemia　was　also　reported　in　laboratory
pigs［25］．　To　authoゴs㎞owledge，面s　is　the血st　report　that　medetomidine－midazolam
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combination　can　reduce　the　increase　in　blood　glucose　levels　induced　by　medetomidine　alone
mcats．
　　　　垣dlis　study，　the　decrease　ofplasma　insulin　concentrati皿was　not　s輌gnificantly　different
between　MED40－MIDO．5　and　MID40．　However，　recovery　f錐om　hypoinsulinemia　induced　by
MED40－MIDO．5　tended　to　be　more　rapid　conlpared　to　MED40　alone．　There　are　controversal
reports　on　the　effect　of　midazolam　alone　fbr　insulin　secretion　f士om　islet　cells．　Desborough　et
al［74］have　reported　that　the　use　of　midazolam　was　associated　with　a　decrease　in　insulin
secretion　during　upPer　abdominal　surgery，　and　a　decrease　in　blood　glucose　levels　in　humans．
Desborough　et　al［75］also　reported　that　midazolam　did　not　directly　i血ibit
glucose－stimulated　insulin　secretion　f士om　an∫ηv∫かo　rat　islet　preparation．　In　contrast，
Cuparencu［76］reported　that　midazolam　increased　plasma　insulin　leve1㎞
streptozotocin－induced　diabetes　in　rats．　In　present　pτesent　study，　the　midazolam　alone　did　not
significantly　affbct　plasma　insu夏in　concentration　in　cats．　On　the　other　han4　an　enha鳳cement
of　the　binding　of　GABA　to　low　a伍ni巧receptor　sites　may　give　rise　to　maエ1y　of　the仇v∫vo
actions　of　the　benzodiazepines［77］．　GABA　was　also　reported　to　inhibit　insulin　secretion
食omβcells　at　high　concentrations　of　glucose［78，79］，　and　inhibit　the　release　of　glucagon
丘omαcells［80］．　These　actions　may　also　i㎡1uence　on　the　plasma　glucose　levels　of　cats　giv斑
medetomidine－midazolam　combination．　The　present　resuhs　also　i皿dicated　that　the　changes　of
glucagon　levels　induced　by　MED40－MIDO．5　did　not　dif允r丘om　those　by　MED40　alone．　In
addition，　no　sigr匝cant　differences　in　glucose　levels　were　fbund　between　MIDO5　and　con仕ol
groups．　Therefbre，　it　seemed　that　the　do　se　of　midazolam　used　in　this　study　did　not　affect　the
P玉asma　ghcagon　and　insulin　levels，
　　　　Medetomidine　and　xylazine　have　been　reported　to　inhibit　norepinephrine　release　in
either　cats［61］or　dogs［9］．　The　present　results　that　MED40　and　MED80　inhibited　plasma
norepinephrine　release　were　in　agreem頭t　with　a　previous　result　in　cats［61］．
Medetomidine－midazolam　combination　tended　to　reduce　the　medetomidine－induced
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inhibition　of　no玄ep輌nephrme　release．　This　might　be　in　part　due　to伍e　effect　of皿i（lazolam　on
norepinephrine　release，　because　midazolam　alone　hlcreased　plasma　norepineph∫ine　levels．　In
contrast，　it　was　reported　that　midazolam　did　not　significantly　change　plasma　norepinephrine
concentrations　in　humans［81］．1加his　study，　however，　it　is　un㎞own　whether　this　increase　in
norepinephrine　concentration　was　induced　by　phamlacological　ef琵ct　ofmidazolam，　or　by
excitement－1ike　behavior　associated　with　midazolam　administration．　This　is　the飯st　report
that　midazolam　increased　plasma　norepinephrine　concentration　in　cats
　　　　Medetomidine，　midazolam，　and　the　combination　of　both（kugs　did　not　sigl面cantly
change血e　plasma　epinephrine　conce迫tration　of　cats　in面s　s加dy．　T｝1e　resu玉t　as　to　the　ef琵ct
of　midazolarn　was　in　agreement　with　a　previous　report　in　humans［81｝On　the　other　hand，
several　studies　reported　that　medetomidineτeduced　the　plasma　epinephrine　concentration　in
cats［61］and　dogs［9］．　However，　medetomidine　has　been　also　reported　not　to　affbct皿the
epinephrine　level　in　humans［82］．　Thus，　the　effect　of　medetomidine　oll　the　plasma
epmephri館concentration　was　controversia正．
　　　　In　this　study，　there　were　no　significant　changes　ofplasma　cortisol　concentration　in　all　of
groups．　The　present　results　were　similar　to　previous　findings［61］．　No　significant　differences
were　also貴）und　among　the　MED40，　MED80，　and　MED40－MIDO．5　groups．　Therefbre，　these
results　indicated　that　the　addition　ofmidazolam　does　not　a銑ct　the　plasma　cortisol
concentration　of　cats　given　lnedetornidine．
　　　　Plasma　NEFA　concentration　has　been　reported　to　be　reduced　by　medeto皿idine　in　cats
［61］．This　response　may　be　due　to　the　suppression　oflipolysis　mediated　byα2－adrenoceptors
［57，58］．The　results　of　this　s加dy　confirmed　a　previous　report　in　which　medetomidine
decreased　plasma　NEFA　levels［61］．　On　the　other　hand，　the　changes　ofplasma　NEFA
concen仕ations　in　MED40－MIDO．5　combination　were　similar　to　those　in　MED40　alone　in　this
study．　Therefbre，　the　present　results　indicated　that　the　addition　ofmidazolam　does　not　alter
the　inhibition　of　lipolysis　induced　by　lnedetomidine　in　cats．
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　　　　In　conclusion，　Medetomidine－midazolam　combinati皿reduced重he　hyperglycemia
induced　by　medetomidine　in　cats．　The　decrease　ofplasma　norepinephrine　levels　induced　by
medetomidine　alone　was　diminished　by　the　addition　of　midazolam．　Midazolam　alone
increased　plasma　norepineph地e　Ievels，　but　did　not　change　glucose，　msulin，　glucagon，
cortiso1，　epinephrme，　and　NEFA　concentrations　in．　cats．　Therefbre，　this　study　revealed　that
medetomidine－midazolaln　combination　produces　mi㎡mal　neuroho㎜onal　and　metabolic
changes　without　greater　adverse　effbcts　when　compared　to　medetomidine　alone　in　healthy
cats．
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Chapter　4
General　conclusion
　　　　In　cats，　both　medetomidine　and　xylazine　included　remarkable　hyperglycemia．　It　was
greater　in　cats　than　dogs　reported　previously．　It　was　fb㎜d　that　hyperglycemia　at　early　phase
（Oto　2　hours　after　administration）in　the　medetomidine　treated　group　was　not　dose－dependent．
On　the　other　hand，　xylazine　induced　dose－dependem　hyperglycemia　th玄ough　the　experiments．
The　changes　of　insulin　concentration　did　not　show　significant　dose－dependency　in　either
medetomidine　or　xylazine　treated　group．　These　results　suggested　the　differences　on　the
mech・・i・m・fhyp・・glycemi・b・衙een　m・d・t・mid血e　and　xylazi・・，・1血・ugh　b・th
medetomidine　and　xylazine　wereα2－adrenoceptcr　agollists．　The　diffεrences　on　the　affinity　to
each　subtype　ofα一adrenoceptors　between　medetomidine　and　xylazine，　and／or　the　affinity　to
the　imidazoline　receptor　ofmedetomidine　may　contrib磁e　to　differences　on　the　mechanism　of
hyperglycemia．　However，　the　present　study　could　not　reveal　the　precise　mechanism．
　　　　Either　medeto㎡dine　or　xylazine　decreased　the　concentration　of　norepinephrine．　Higher
dose　of　medetomidine（160，320μg／kg）significantly　decreased　the　concentration　of
norepinephr輌ne．「While，　xylazi皿e　tended　to　decrease　the　plasma　norepinephrine　concentration，
but　not　significantly．　Plasma　NEFA　concentrat輌on　was　also　significantly　decreased　in　both
the　medetomidine　and　xylazine　treated　groups．　These　results　agree　with　a　previous　report　in
dogs．
　　　　In　chapter　2，　it　was　demonstrated　that　midazolam　m　the　combination　with　medetolnidine
suppressed　the　hyperglycem輌a　induced　by　medetomidine　alone　in　cats．　The　combination　of
皿edetomidille　and　midazolam　accelerated　the　recovery　of　insulin　concentration　compared　to
medetomidine　alone．　On　the　other　hand，　rnidazolam　alone　did　not　affbct　the　plasma
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concentrations　of　both　glucose　and　insulin．　Therefbre，　only　wh頭midazolam　was
administered　in　the　combination　with　medetolnidine，　suppressed　medetomidine－induced
hyperglycemia　was　suppressed．　The　interactions　among　theα2－adrenoceptors，　imidazoline
receptors，　benzodiazepine　receptors，　and　GABA　receptors　may　be　involved　in　these
responses．　However，　the　present　study　and　any　other　reports　did　not　reveal　detailed
mechanisms　on　the　interactions　ofmedetornidine　and　midazolam　fbr　hyperglycemic　effect．
　　　　Plasma　c皿centration　of　norepinephrine　was　decreased　by　medetomi垣ne　administration．
The　addition　of　midazolam　suppressed　the　decrease　of　norepmephrine　concen仕ation　induced
by　medetomidine．　It　may　due　to　the　effect　of　midazolam　because　midazolam　alone　increased
Plasma　norepinephrine　concentration．
　　　　In　conclusion，　the　present　study　revealed　that　medetolnidine　unlike　xylazine　did　not
induce　dose－dependellt　hyperglycemia　at　early　phase　in　cats．　Such　hyperglycemia　was　greater
in　cats　than　dogs　reporte（1　previously．　This　s加dy　revealed　that　midazolam　in　combination
with　medeto㎡dille　suppress　the　hyperglycemia　induced　by　medetomidine　alone　m　cats．
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Summary
　　　　In　chapter　1，　the　ef丘cts　ofxy1泣ine　and　medetomidine　on　some　ofne田oho㎜onal　and
metabolic　variables　were　investigated　and　compared　in　healthy　cats．　Five　cats　were　used
repeatedly　in　each　of　l　l　groups，　which　were　treated　with　the　physio1◎gical　saline　solution
（contro1），0．5，1，2，4，　alld　8　mg！優（g　xylazine，　and　20，40，80，160，　and　320μg／kg
medetomidine　in仕amuscularly．　Blood　samples　were　takell　fbr　10times　during　24　h丘om　the
jugular　vein、　Plasma　glucose，　insulk」cortisol，　epinephrine，　norepinephrine，　glucagon，　and
nonesterified　fatty　acid　concentrations　were　dete㎜ined．　Both　xyla亘ne　and　medetomidine
induced　remarkable　hyperglycemia　in　a　dose－dependent　ma皿er，　but　the　hyperglycernic
response　of　medetomidine丘om　O　to　3　h　was　not　dose－dependent．　Both　xy玉azine　and
medetomidme　suppressed　epinephrine　and　norepinephrine　release．　In　bo也xylazine　and
medetomidine　groups，　the　suppression　of　catecholamine　release　was　not　dose－dependent　at
the　tested　dosages．　Both　agents　inhibited　insulin　release　and　lipolysis　with　similar　potency，
and　tended　to　suppress　cortisol　release．　The　glucagon　levels　did　not　change　sig垣負cantly　in
any　of　groups．　These　results　suggested　that　the　effects　of　1孤e（ietomidine　and　xylazine　on
glucose　metabolism　and　catecholamine∫elease　may　not　be　due　only　to　the　actions　mediated
byα2－adrenocepto壬s．
　　　In　chapter　2，　the　e£飴cts　ofmedetomidine・・midazolam　combination　on　some
neurohoτmonal　and　metabolic　vaぎiables　were　investigated　in　healthy　cats．　Five　cats　were　used
repeatedly　in　each　of　5　groups，　wh輌ch　were　tτeated　with　physiolog三cal　saline　so夏ut輌on
（contro1），0、5　mg／kg　midazolam，40μg／kg　medetomidine，80μg／kg　medetomidine，　and　40
μg／kg　medetomidine　and　O　5　mg／kg　midazolam　in伎amuscularly．　Blood　samples　were　taken
振）r10times　dufmg　24　h　f｝om　the　catheter　in仕oduced　into　the　j　uglar　vein．　Plasma　glucose，
insulin，　glucagol1，　co∫tisol，　n皿esterified　fatty　acid（NEFA），　norepinephrille，　and　epinephrine
concentrations　were　detemlned．　Addit元onaUy，　duration　of　Iateral　recumbency，　recta1
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temperature，　heart　and　respiration　rates　were　exan亘ned．　The　combination　of　medetomidine
and　midazolam　enhanced　the　duration　of　lateral　rec㎜bency　and　reduced　the　hyperg▲ycemia
induced　by　rnedetolnidine　alone．　Recovery丘om　hypoinsulinemia　induced　by
medetomidine－midazolam　combination　tended　to　be　more　rapid　compared　to　same　dose　of
lnedetomidine　alone．　The　decrease　of　plasma　norepinephrine　levels　induced　by血edetomidine
a1皿e　was　dimi垣shed　by　the　additio加f面dazolam　to　medetomidine．　Midazolam　alone　did
not　significantly　change　plasma　glucose，　insulin，　glucagon，　cortisol，　epinephrine，　and　NEFA
concentrations，　but　increased　norep輌nephr輌ne　concentration．　This　smdy　revealed　that　the
combination　ofmedetomidine　and　midazo　lam　produces　minimal　neurohormonal　and
metabolic　changes　when　compared　to　medetomidine　alone　in　cats．
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